Objective: To determine the presence and size of atherosclerosis-like lesions in aortic valves of unselected adults of all ages. Design: Necropsy study. Setting: Departments of Forensic Medicine and Pathology at the University of Oulu and the Oulu University Hospital in Finland. Subjects: 48 consecutive unselected adult subjects (15 subjects aged 20-40 years, 17 aged 41-60, and 16 aged > 61) undergoing necropsy. Main outcome measures: Detection of the presence of atherosclerosis-like lesions and mineralisation in aortic valves, and morphometrical measurement of the size of lesions. Results: None of the necropsy subjects had aortic stenosis and only two subjects had macroscopic calcification of the aortic valve. Of 48 subjects, however, 45 had an atherosclerosis-like subendothelial thickening above the elastic lamina on the aortic side of at least one of the valve leaflets. Of 15 young subjects aged 20-40 years, eight had a lesion in the right coronary cusp of the aortic valve and 12 had a lesion in at least one of the three aortic valve leaflets. Of 17 middle aged subjects, 16 had an early lesion in the right coronary cusp and all had a lesion in at least one of the valve leaflets. In the oldest age group, all 16 subjects had a lesion in every valve leaflet. The mean lesion area in the three valve leaflets varied from 0.1-0.2 mm 2 in young subjects, 0.5-0.8 mm 2 in middle aged, and 1.3-2.3 mm 2 in elderly subjects (p , 0.001). Microscopic calcification in the right coronary cusp of the aortic valve was observed in 12 of 17 middle aged and 14 of 16 elderly subjects but only in one young subject. Conclusions: Atherosclerosis-like lesions in the aortic valve are prevalent in adults of all age groups, including young subjects aged 20-40 years, suggesting that the disease process leading to aortic stenosis is common, often beginning in early adulthood.
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A ortic stenosis is the most important valvar disease in aging Western populations. Clinical aortic stenosis is present in about 2% of subjects aged over 65 years. Aortic valve sclerosis, characterised by calcification and thickening of the aortic valve without ventricular outflow obstruction, is echocardiographically detectable in 26% of subjects in the same age group. 1 Recent studies have shown that aortic stenosis shares several similarities with atherosclerosis. Firstly, in both diseases, lipids, inflammatory cells (mainly macrophages and T lymphocytes), protein, cholesterol crystals, and calcium deposits accumulate under the endothelium and above the elastic lamina, which is subsequently dislocated, disrupted, or duplicated. [2] [3] [4] Apolipoproteins B, E, and (a), Chlamydia pneumoniae, and angiotensin converting enzyme have been found not only in coronary atheromas but also in stenosed aortic valves. [5] [6] [7] [8] Secondly, cardiovascular risk factors are associated with aortic stenosis. 1 9 10 Thirdly, aortic valve sclerosis has been shown to predict cardiovascular mortality and morbidity independently of conventional risk factors, suggesting that aortic valve sclerosis may be a marker of silent coronary disease. 11 12 Thus, valvar aortic stenosis is probably caused by the same atherosclerotic disease process as coronary disease. 9 12-15 Atherosclerosis-like lesions are found not only in stenosed aortic valves but also in non-stenosed valves of elderly subjects. 2 In the study by Otto and colleagues, 2 histological atherosclerosis-like changes were observed in macroscopically non-calcified aortic valves of elderly subjects. These changes were characterised by subendothelial thickening on the aortic side of the valve leaflet above the elastic lamina, the presence of lipids and fine mineralisation in and adjacent to these lesions, and macrophages as well as occasional T cells. These atherosclerosis-like lesions were interpreted to be the early lesion of aortic stenosis. 2 It is not known, however, whether atherosclerosis-like changes are present in aortic valves of young and middle aged adults without aortic stenosis. Therefore, the present study aimed at determining the presence, size, and microscopic features of the atherosclerosis-like lesions in aortic valves of 48 unselected Finnish necropsy subjects aged > 20 years.
METHODS

Subjects
Aortic valves were obtained from 48 unselected consecutive subjects (15 subjects aged 20-40 years, 17 subjects aged 41-60 years, and 16 subjects aged > 61 years) undergoing necropsy at the Departments of Forensic Medicine and Pathology at the University of Oulu and the Oulu University Hospital, northern Finland. The study groups were prospectively planned to include similar numbers of young, middle aged, and elderly adults. The cause of death was obtained from death certificates (table 1) . Information about previous diseases and cardiovascular risk factors was obtained from death certificates and medical records, if available. None of the study subjects had a history of clinical aortic stenosis, endocarditis, or rheumatic valvar disease.
The study protocol was approved by the Finnish National Board of Medicolegal Affairs.
Valve examination and preparation
The ascending aorta was incised longitudinally during necropsy and the aortic valve was examined macroscopically by two pathologists (EA and TS). Fatty changes, calcification, and thickening of the valve were recorded, if present (table 1) . Coronary arteries were excised and the presence and extent of macroscopic coronary artery disease were recorded.
Samples for histological and immunohistochemical analyses were taken vertically through each of the three leaflets of the aortic valve near the centre of the leaflet as described earlier. 2 Leaflets were fixed in 10% formalin or methanol-Carnoy's solution and embedded in paraffin. All three leaflets were sampled to investigate the presence and size of atherosclerosis-like lesions. The right coronary cusp was sampled to study changes in elastic lamina, cellular changes including the presence of T lymphocytes and macrophages, and the presence of cholesterol crystals and calcification.
Histological analysis
Specimens were examined for the presence and location of the lesion, changes in the elastic lamina, and the presence of cholesterol crystals by Verhoeff-van Gieson staining, for leaflet thickening and cellularity by haematoxylin and eosin staining, and for the presence and location of calcification by von Kossa staining.
Immunohistochemical analysis
Commercially available monoclonal antibodies for macrophages (CD-68, DAKO) and T lymphocytes (CD-3, DAKO) were used to detect the presence of inflammatory cells.
Evaluation of atherosclerosis-like lesions
Detection of lesions
The presence of the atherosclerosis-like lesions in each aortic valve leaflet in all subjects was investigated at objective magnifications of 10-406 with a dual head Olympus BH-2 microscope or an image analyser (Quantimet 570, Leica, Cambridge, UK). A lesion was considered to be present if a subendothelial atherosclerosis-like lesion was observed above the elastic lamina of the aortic side of the aortic valve (fig 1) . 2 In the youngest age group, three of us (KR, JK, and V-MK) investigated all three aortic valve leaflets for the presence of atherosclerosis-like lesions. In the middle aged and elderly age groups, three of us (KR, JK, and V-MK) investigated the right coronary cusp of the aortic valve for the presence of atherosclerosis-like lesions and one of us (KR) investigated the left and non-coronary cusps, which two of us (JK and V-MK) confirmed by randomly selected check ups. The lesion was considered to be present only if a unanimous opinion was reached.
Measuring leaflet and lesion areas
The total area of each of three aortic valve leaflets and the total area of the atherosclerosis-like lesion in each leaflet was measured with an image analyser (Quantimet 570) that two of us (KR and JK) operated in an interactive mode. In the measurement of the lesion area, the subendothelial material over the elastic lamina on the aortic side of the valve leaflet was measured. 2 Intraobserver variability of the lesion area (mean (SD)) in three subjects was 0.01 (0.01) mm 2 for lesions in the right coronary cusp, 0.14 (0.19) mm 2 for the lesions in the left coronary cusp, and 1.39 (2.35) mm 2 for the lesions in the non-coronary cusp (non-coronary cusp measurements varied greatly due to inclusion or exclusion of a large calcium deposit loosely connected to the lesion area). Respective interobserver variabilities (KR and JK) in five subjects were 0.26 (0.37), 0.12 (0.11), and 0.10 (0.12) mm 2 .
Histological evaluation
Two of us (JK and V-MK) evaluated each set of histologically and immunohistochemically stained samples from the right coronary cusp at objective magnifications of 10-406 with a dual head Olympus BH-2 microscope. Each slide was examined systemically and each characteristic was evaluated on a predefined semiquantitative (0 to 4) scale, 0 indicating the normal amount (or absence) of the histological feature and 1 to 4 indicating an increasing pathological amount of the feature. Classification of lesions disagreed in fewer than 10% of the slides examined and consensus was reached on further review.
Statistical analysis
Data were analysed with the SPSS (SPSS Inc, Chicago, Illinois, USA) PC statistical software. The results of analyses of the continuous variables are given as mean (SEM). The three age groups were compared by the Mantel-Haenszel test for linear association for categorical data and by the nonparametric Kruskal-Wallis test for continuous variables over the three age groups. Aortic valve lesions at necropsy 577 www.heartjnl.com group.bmj.com on August 29, 2017 -Published by http://heart.bmj.com/ Downloaded from Table 2 shows clinical characteristics of the study subjects by age. There were 32 men and 16 women, with men predominating in all three age groups. The mean age of the three age groups was 29, 50, and 71 years. None of the young study subjects had a history of atherosclerotic vascular disease. A clinical history of cardiovascular risk factors was uncommon in the youngest age group, with only one young adult having a history of smoking. In contrast, two middle aged and nine elderly subjects had a history of coronary artery disease and two middle aged and three elderly subjects had a clinical history of other atherosclerotic vascular disease. Cardiovascular risk factors were also prevalent in both middle aged and elderly study subjects. Acute myocardial infarction was the cause of death of 13 patients (in six patients aged 40-60 years and in seven patients aged > 61 years) (table 1) . In all young subjects the cause of death was accident or suicide.
RESULTS
Clinical characteristics
Macroscopic findings in aortic valves and coronary arteries None of the study subjects had a macroscopically stenosed, bicuspid, or rheumatic aortic valve or signs of endocarditis. Macroscopic valvar calcification was detectable in only two subjects of the oldest age group (table 2) .Three middle aged subjects and four elderly subjects had macroscopic fatty changes in their valves. All subjects of the youngest age group and 14 of 17 middle aged and nine of 16 elderly subjects had a macroscopically normal valve.
In the macroscopic examination of coronary arteries (table 2), 10 of 15 subjects in the youngest age group had fatty streaks or small atheromas in their coronary arteries. In the middle aged and oldest age groups, all subjects had fatty streaks, small or significant atheromas, or complicated plaques in their coronary arteries. Macroscopic signs of acute myocardial necrosis were found in two middle aged and two elderly subjects. In all age groups, atherosclerotic coronary lesions, when present, were found in two or three coronary arteries in most of the cases. Figure 2 shows the prevalence of atherosclerosis-like lesions in the aortic valve by age. Of 48 subjects, 45 had an atherosclerosis-like subendothelial thickening above the elastic lamina on the aortic side of at least one of the valve leaflets. Of 15 young subjects aged 20-40 years, eight had a lesion in the right coronary cusp of the aortic valve and 12 had a lesion in at least one of the three aortic valve leaflets. Of 17 middle aged subjects, 16 had an early lesion in the right coronary cusp and all had a lesion in at least one of the valve leaflets. In the oldest age group, all 16 subjects had a lesion in every valve leaflet. Figure 1 shows typical aortic valve lesions in young, middle aged, and elderly adults. Table 3 shows the areas of each aortic valve leaflet and atherosclerosis-like lesions in each valve leaflet by age. In the youngest group, the mean area of the early lesion in the three aortic valve cusps varied from 0.1-0.2 mm 2 , in the middle aged group from 0.5-0.8 mm 2 , and in the oldest group from 1.3-2.3 mm 2 (p , 0.001). Table 4 shows the histological and immunohistochemical findings in the right coronary cusp of the aortic valve by age. In the youngest group, the lesion was usually located at the base or tip of the valve, but with increasing age the lesion was more diffuse, affecting all parts of the valve cusp. The changes in the elastic lamina were mild in the young subjects, moderate in the middle aged, and increasingly complicated in oldest subjects. Valvar cellularity was increased in six young, 14 middle aged, and 15 elderly subjects. Macrophages (immunohistochemical analysis of the right coronary cusp was available for 21 study subjects) were found in two valves of the young subjects, five valves of the middle aged subjects, and four valves of the elderly subjects. T lymphocytes (immunohistochemical analysis of the right coronary cusp available for 19 study subjects) in or adjacent to valve lesions were found in two valves of the young subjects, none of the valves of the middle aged subjects, and three valves of the elderly subjects. Cholesterol crystals in the right coronary cusp of the aortic valve were found in only one young subject, in seven middle aged, and nine elderly subjects. Microscopic calcification in the right coronary cusp was found in one young subject, 12 middle aged, and 14 elderly subjects. In both the middle aged and elderly groups, eight subjects had moderate or major valvar calcification. In the middle aged group microscopic calcification was detected at the base of the valve. Figure 3 shows some of the histological features of advanced aortic valve lesions in the oldest age group.
Prevalence of atherosclerosis-like lesions in aortic valves
Size of atherosclerosis-like lesions in aortic valves
Histological and immunohistochemical features of atherosclerosis-like lesions
DISCUSSION
Our objective was to investigate the presence of atherosclerosis-like lesions in aortic valves of unselected Finnish adults undergoing necropsy. None of the study subjects had aortic stenosis but atherosclerosis-like changes in aortic valves were present in 45 of 48 subjects aged > 20 years. The size of the atherosclerosis-like lesion appeared to be very age dependent but small lesions were found also in most young and all middle aged adults, which is a novel finding.
Atherosclerosis-like lesions in non-stenosed aortic valves
In the present study, atherosclerosis-like changes in aortic valves were present in 45 of 48 subjects aged > 20 years. These changes were characterised by subendothelial thickening on the aortic side of the valve leaflet above the elastic lamina, the presence of lipids and fine mineralisation in and adjacent to these lesions, and macrophages as well as occasional T cells as described by Otto and colleagues. 2 In the present study, all elderly and middle aged subjects had atherosclerosis-like lesions in their aortic valves. Only one previous study investigated the presence of atherosclerosislike lesions in non-stenosed aortic valves. 2 In the study by Otto and colleagues, 2 most (14 of 15) macroscopically noncalcified aortic valves of elderly (mean age 62.0 years) American subjects undergoing necropsy had atherosclerosislike lesions, which is in accordance with the present study.
In our study, we observed valvar atherosclerosis-like lesions in most young subjects aged 20-40 years (mean age 29.1 years). In contrast, in the study by Otto and colleagues, 2 none of the six young (mean age 20.0 years) American necropsy subjects used as normal controls had atherosclerosislike lesions in their aortic valves. Compared with the American study, the present study examined a higher number of young subjects with a wider age distribution, which may explain the difference between the two studies. On the other hand, aortic stenosis is regarded as a form of atherosclerotic disease and atherosclerotic changes in the aortic valve may reflect the atherosclerotic process in coronary arteries. 11 12 Thus, the high prevalence of atherosclerosis-like lesions in the aortic valves of the young and middle aged subjects in the present study may reflect the high prevalence of coronary heart disease in the Finnish population. 16 This view is supported by the coexistence of atherosclerosis-like lesions in aortic valves and macroscopically detected coronary disease in many subjects of the present study.
Calcification, cholesterol crystals, and inflammatory cells Calcification is a hallmark of aortic stenosis and seems to be an active process regulated by osteopontin. 17 In the current study, calcification of the aortic valve was a feature of a more advanced lesion, which was present in most middle aged and elderly subjects but absent from all but one subject of the youngest age group. Accordingly, in the study by Otto and colleagues, 2 larger calcified valvar nodules were associated with a more severe macroscopic valvar disease. In coronary atherosclerotic lesions of young subjects, calcification is also rarely found. 4 In the present study, the calcification process appeared to begin at the base, where the aortic valve attaches to the aortic root and where calcified lesions may restrict opening of the valve.
Extracellular cholesterol crystals were a feature of a more advanced lesion and were found mainly in middle aged and elderly subjects of the present study. Also in coronary atherosclerotic lesions of young subjects, extracellular cholesterol crystals are rarely found. 4 In the present study, inflammatory cells were found in only a quarter to a half of the valves, mainly in or adjacent to more advanced lesions, implying that inflammatory cells are a part of an active valvar lesion. Accordingly, in the study by Otto and colleagues, 2 macrophages were found in 65% of the aortic valves with mild macroscopic disease and 100% of those with clinical aortic stenosis and T lymphocytes were found in 54% of the lesions.
Features of aortic valve lesions in young compared with older subjects Atherosclerosis-like lesions were found in aortic valves of most (12 of 15) young adults. The valvar lesions of the young were smaller and abnormalities of the internal elastic lamina were milder than those of middle aged and elderly subjects. Cholesterol crystals and mineralisation were rarely seen. Macrophages and T lymphocytes were seen in few valves of the young subjects.
When comparing the young, middle aged, and elderly groups, the size of the valvar lesions increased many-fold and lesions were more severe with increasing age, suggesting a progressive disease process often beginning in early adulthood.
Limitations of the study Our study consisted of a moderate number of necropsy subjects in a population with a high prevalence of atherosclerosis. Moreover, most middle aged and elderly subjects had significant coronary disease and many of them died of myocardial infarction. Consequently, our results may not reflect the precise prevalence of aortic valve lesions in other western populations or even in the general Finnish population. In all young subjects, however, the cause of death was accident or suicide and not atherosclerotic vascular disease, suggesting that aortic valve lesions are, indeed, common in this age group in the Finnish population. Presumably, in populations with a lower prevalence of general atherosclerosis, atherosclerosis-like lesions in the aortic valve are also less common. Large scale studies, however, are needed to confirm the prevalence of atherosclerosis-like lesions in the aortic valve in different populations.
Conclusions
Atherosclerosis-like lesions in the aortic valve are prevalent in Finnish adults of all age groups, including young subjects aged 20-40 years. Atherosclerosis-like lesions in macroscopically non-calcified aortic valves have been interpreted as the early lesion of aortic stenosis. Consequently, our findings suggest that the disease process leading to aortic stenosis, like that of coronary atherosclerosis, is common, often beginning in early adulthood. Ventricular non-compaction cardiomyopathy: CMR and pathology findings A 39 year-old woman was diagnosed by non-invasive imaging techniques as having isolated ventricular noncompaction cardiomyopathy with severe left ventricular dysfunction. Cardiovascular magnetic resonance (CMR) study showed manifest apical trabeculation with deep intertrabecular recesses and thinning of the myocardial wall, characteristic of non-compaction cardiomyopathy (panel A). Contrast enhanced CMR images showed confluent areas of gadolinium enhancement in the interventricular septum, suggesting the presence of severe myocardial fibrosis in this territory (panel B). Six months later she underwent successful cardiac transplantation. Pathological findings identified abundant extracellular matrix within the myocardium and myocardial fibre disarray (panels C and D).
To our knowledge, this is the first report of a case of non-compaction cardiomyopathy which showed a correlation between myocardial late enhancement by CRM and histopathologically proven myocardial fibrosis. 
